The effects of pirenzepine, a selective antimuscarinic agent, on both carbachol-stimulated amylase release and [3H]N-methyl scopolamine ([3H]NMS) binding were studied in isolated mouse pancreatic acini. Pirenzepine at concentrations between 0.1-3.0 ,uM was found to inhibit carbachol-stimulated amylase release without any appreciable effect on the basal amylase secretion. The inhibition by pirenzepine was rapid and reversible.
affected by pirenzepine. In addition, pirenzepine was found to inhibit the specific binding of [3H]NMS, a muscarinic antagonist, to mouse pancreatic acini. The potency of pirenzepine in this action was 1% relative to atropine. The inhibitory effect of pirenzepine on receptor binding was selective for the muscarinic receptor. These results indicate that pirenzepine is a specific but relatively weak antagonist ofmuscarinic receptor in mouse pancreatic acini. Pirenzepine, 5, acetyl]-6H-pyrido [2,3-b] [1, 4] benzodiazepin-6-on-dihydrochloride, is a tricyclic compound and is reported to exert no effect on the central nervous system because of the lack of its lipid solubility (7) . The drug was found to distinguish between different subclasses of muscarinic receptors (9-l 1) and has been widely used in the treatment of peptic ulcer as a selective antimuscarinic agent (3, 13, 17) . Hammer er al. (9) (10) (11) reported that the affinity of pirenzepine to the muscarinic receptors in exocrine glands such as salivary gland was higher than in heart and smooth muscles, but lower than in sympathetic ganglia. However, few studies have been reported on the effect of pirenzepine on exocrine pancreas (6) . In the present study, we have exam-ined the effect of pirenzepine on both carbachol stimulation of amylase release and [3H]N-methyl scopolamine ([3H]NMS) binding using isolated mouse pancreatic acini. MATERIALS All other reagents and chemicals were of analytical grade. Krebs-Henseleit bicarbonate (KHB) buffer and N-2-hydroxyethyl piperazine-N'-2 ethane sulfonic acid (HEPES)-Ringer (HR) buffer containing an essential amino acid supplement and 0.01% soybean trypsin inhibitor, were prepared as previously described by Williams et al. (21) .
Preparation of Acini
Mouse pancreatic acini were isolated from male ICR mice fasted overnight by the method ofWilliarns (12, 21) . Briefly, pancreata (approximately 1 g) from 5-6 mice were injected with 5 ml KHB buffer containing 0.1 mM Ca", purified collagenase (60-75 U/ml), and hyaluronidase (1.8 mgl ml). The tissue was incubated at 37°C with shaking for 50 min and dissociated mechanically through plastic pipettes. Acini were then filtered through nytex mesh, and centrifuged through KHB buffer containing 4% bovine serum albumin. The dispersed acini were washed twice in the same buffer and then once with HR buffer (pH 7.35) containing 0.5% bovine serum albumin and 0.01% soybean trypsin inhibitor. Prior to experiments, the acini were preincubated for 60 min in HR buffer at 37°C.
Measurement of Amylase Release
Amylase release from isolated acini was measured as described previously (12, 21) . Briefly, the acini at 0.5-1.0 mg protein/ml were incubated in plastic flasks containing 2 ml offresh HR buffer. After a 10-min incubation period, pirenzepine or atropine was added, and then secretagogues were added. The incubation continued at 37°C, shaking at 60 cycles/min, and the incubation was terminated at specific time by taking 1 ml aliquots, followed by immediate centrifugation using a Beckman microfuge centrifuge.
The supernatant was reserved on ice for subsequent amylase assay, which was carried out by the method ofBernfeld (2) as modified by Kanno Y. IWAMOTO and T. KUZUYA (14) . The zero time value of amylase was measured by taking the acinar suspension at the start of the incubation, and was subtracted from values obtained after incubation to obtain amylase release during the incubation. Both the amylase and protein content of the pellet obtained at the start of the incubation were measured. Protein was assayed by the method of Lowry er al.
(18) using bovine serum albumin as a standard.
Measurement of [°H]N-Methyl Scopolamine Binding
[3H]NMS binding experiments were carried out according to the method described by Dehaye et al. (6) . Briefly, the acini at 0.4-0.6 mg protein!ml were incubated in 2 ml of fresh HR buffer. After a 10-min incubation period, pirenzepine or atropine was added, and then [°H]NMS at a concentration of 1 nM was added. The incubation continued at 37°C, and the incubation was terminated at specific time by taking 0.7 ml aliquots, followed by immediate centrifugation. The pellet was rinsed twice with ice-cold saline, resuspended in 1 ml water, and sonicated with a probe type sonicator. The radioactivity of both lysate (0.5 ml) and the medium (100 ,ul) were measured in a liquid scintillation spectrometer using INSTA GEL scintillation fluid. Protein content of each pellet was also measured. The radioactivity bound to the acini in the presence of excess amount of atropine (10 uM) was measured to calculate the nonspecific binding, and the amount was subtracted from the total binding to obtain the specific binding.
Measurement of '251-BH-CCK8 Binding "51-BH-CCK8 binding experiments were carried out according to the method by Sankaran er al. (19) . The experimental procedures were essentially the same as described in the'[3H]NMS binding experiment except for the incubation buffer. In the "51-CCK8 binding experiment, the incubation was carried out in the HR buffer supplemented with 0.5 mg/ml bacitracin to minimize the degradation of the tracer. Under this condition, 'Z51-CCK8 binding to acini reached maximum at 90 min, and the degradation of 'Z51-CCK8 measured by trichloroacetic acid (TCA) method was less than 5%.
RESULTS

Eflecr of Pirenzepine on Amylase Release
Time course of amylase release from isolated mouse acini is shown in Fig. 1 . Both basal and carbachol-stimulated amylase release was almost linear with time up to 45 min. When 3 uM pirenzepine was added at the start of the incubation, carbachol-stimulated amylase release was markedly reduced. When 3 ,uM pirenzepine was added after 20 min of incubation, carbachol stimulation of amylase release was rapidly abolished and the slope became almost parallel to that of basal amylase release (Fig. 1) . Dose-response curves to carbachol for the stimulation of amylase release were studied in the absence or presence of pirenzepine. As shown in Fig. 2 , typical biphasic dose-response curves were obtained which shifted to the right in the presence of pirenzepine. Effect of pirenzepine on basal and carbachol-stimulated amylase release is shown in Fig. 3 . Pirenzepine at concentrations between 0.03 and 3.0 ,uM did not influence the basal amylase release. When amylase release was maximally stimulated by 1 ,uM carbachol, dose-dependent decrease in amylase release was observed in the presence of pirenzepine. In contrast, when amylase release was slightly stimulated by supramaximal concentration (10 ,uM) of carbachol, dose-dependent increase in amylase release was observed in the presence of pirenzepine. Dose-response curves to antagonists for the inhibition of amylase release are shown in Fig. 4 . IC50 of pirenzepine for the inhibition of carbachol-stimulated amylase release was 440 nM, and the potency ofpirenzepine for the inhibition of amylase release was approximately 2% relative to atropine. In order to examine the selectivity of this inhibition, we studied the effect of pirenzepine on amylase release induced by various secretagogues. As shown in Fig. 5 , the inhibitory effect of pirenzepine was selective for carbachol.
Efiect of Pirenzepine on [JIUNMS Binding
[3H]NMS binding to isolated acini at 37°C reached maximum at 60 min which continued up to 120 min. When atropine was added at 60 min [3H]NMS binding decreased, indicating that the binding was reversible (Fig. 6 ). As shown in Fig. 7 pirenzepine and atropine inhibited [3H]NMS binding to acini in a dose-dependent fashion. IC50 of pirenzepine for the inhibition of [3H]NMS binding to acini was 1.5 nM, and the potency of pirenzepine in this effect was approximately 1% relative to atropine. The effect of pirenzepine on 1251-CCK binding to acini was also studied. As shown in Table 1 , pirenzepine did not inhibit 1251-CCK binding, indicating that pirenzepine is a selective inhibitor for muscarinic receptor in pancreatic acini.
DISCUSSION
Different classes ofmembrane receptors are supposed to exist on the pancreatic acinar cells (8).
Among them, cholinergic receptors as well as CCK receptors are believed to play a physiologically important role in the action ofexocrine pancreas. Atropine, a classical anticholinergic agent, has been used to inhibit the cholinergic function in various tissues. Recently pirenzepine was developed as a selective antimuscarinic agent, and the drug has been widely used in the treatment of peptic ulcer. In order to elucidate the effect of pirenzepine on the exocrine pancreatic secretion, carbachol-stimulated amylase release and [3H]NMS binding were studied in the presence of various concentrations of pirenzepine using the isolated mouse pancreatic acini. The present study demonstrates that pirenzepine inhibits carbachol-stimulated amylase release and causes rightward shift of the dose-response curve to carbachol for amylase release. The inhibition by pirenzepine was dose-dependent and competitive. However, the pattern of pirenzepine action with a fixed concentration of carbachol is not always 'inhibitory', when amylase release was plotted as a function of pirenzepine concentration. With a concentration of 10 ,uM carbachol that was supramaximal for amylase stimulation, increasing concentrations ofpirenzepine resulted in the increase ofamylase release. The pA2 value estimated by the rightward shift of dose-response curves to carbachol is approximately 6.8. The value seems to be comparable to those obtained in pharmacology studies in various tissues in virro (1, 4, 10) . The inhibitory effect of pirenzepine on carbachol-stimulated amylase release was rapid and reversible. When the effect of pirenzepine was examined using acini that had been preincubated with 3 uM pirenzepine, the acini were able to respond to carbachol to the same extent as the control acini that had been preincubated without pirenzepine (data not shown).
The effects of carbachol, CCK and bombesin on pancreatic amylase release appears to be mediated by changes in intracellular Ca" (5, 8, 20) . The Ca" ionophore A23l87 allows extracellular Caz * to enter the cell and mimics these phy- (6) reported that pirenzepine caused a rightward shift of the doseresponse curve for carbachol-stimulated amylase secretion in proportion to the inhibition of [3H]NMS binding in isolated rat pancreatic acini. In their study IC50 of pirenzepine for carbacholstimulated amylase release was reported to be 4.5 ,uM, pirenzepine being 150 times less potent than atropine. In the present study in mouse acini, however, IC50 ofpirenzepine for carbacholstimulated amylase secretion was found to be 440 nM, pirenzepine being 50 times less potent than atropine. Although the relative potency of pirenzepine to atropine was found to be weak in mouse acini as well, it should be noted that the concentration of pirenzepine examined in this study can be obtained in plasma after oral administration of pirenzepine (10) . Kuntzen et al. reported that amylase output on pancreozyminsecretin test was reduced after intravenous administration of pirenzepine in humans (15).
The binding studies of the muscarinic antagonists, [°H]NMS and [3H]quinuclidinyl benzilate, to rat pancreatic acini have been previously reported to characterize the muscarinic receptors on pancreatic acini (6, 16) . In the present study inhibition of [°H]NMS binding by pirenzepine was clearly demonstrated in mouse acini. The pirenzepine inhibition of [3H]NMS binding was dose-dependent. The relative potency of pirenzepine to atropine in the inhibition of [3H]NMS binding was almost comparable to that 219 obtained in the inhibition of amylase secretion. Furthermore, the inhibitory effect of pirenzepine on receptor binding was selective, and the drug had no effect on 1251-CCK8 binding to mouse acini.
In conclusion, we have shown that pirenzepine is a specific but relatively weak antagonist of the muscarinic receptor in mouse pancreatic acini.
